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ABSTRACT
The synthesis of long-arm thiolated beads from 
beaded polyacrylamide ( $400 mesh, 10-37^ M diameter, 2,000 
Dalton inclusion limit) is described. The long spacer arm, 
polyethylene glycol di(3-mercapto-propionate)(PEG-DMP) was
i
introduced via thioether formation with haloacetamidoethyl 
beads. The latter were prepared via the N-hydroxysuccinimide 
ester (NHS) after surveying a number of peptide coupling 
methods. Iodide was chosen as the leaving group following 
a survey of the corresponding chloro-, bromo- and iodo- 
bead derivatives. The thiol group densities in the range 3-7 
^ e q / g  of dry beads were achieved in the final derivative as 
determined by spectrophotometric titration. Radiochemical 
titration with (1-^cJ-iodoacetamide indicated sulfhydryl 
group density about 40# of the spectrophotometric one. Thiol 
beads were characterized as the mixed disulfides with thio- 
nitrobenzoic acid and 2-thiopyridone.
Characterization of long-arm thiolated beads in 
thiol-disulfide interchange reactions was made by the use 
of bead-S-S-2-Py coupling with 2-mercaptoethanol, PEG-DMP, 
papain, BSA-SH and cell (ghost). In papain experiments, with 
bead-S-S-2-Py in large excess (40-50-fold) over protein 
thiol, thiopyridone release corresponding to £ of protein 
thiol groups occurred rapidly and this exceeded amounts of
ii
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coupled protein released by reductive cleavage (^ 30 nmol/g 
beads) by 3-10-fold. In analogous Bovine serum albumin (BSA) 
experiments, protein in the cleavage supernatant was 20- to 
55-fold lower than expected from thiopyridone release* 
Variation of pH and/or coupling times did not alter the 
situation. However, when the mode of coupling was reversed, 
bead-SH coupling with BSA-S-S-2-Py, amounts of protein in 
the Dithioerythritol (DTE)cleavage supernatant were greater 
than 30 nmol per gram of dry beads. In erythrocyte ghost 
coupling with bead-S-S-2-Py, the amount of protein found in 
the cleavage supernatant was O.JfO mg/g beads which was 6.1# 
of the amount of protein in this experiment.
iii
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CHAPTER I 
INTRODUCTION
Campbell and his colleagues (1) in 1951 described 
a method related in principle to the use of "immunoadsorbents" 
introduced as chemically defined materials for chromato­
graphic separation of antibodies • In the following year many 
authors applied these principles in the purification of 
nucleotides (2), certain species of transfer RNA (3) and 
enzymes (*f,5 ) by utilization of hydrophobic polystyrene or 
hydrophilic cellulose polymers for the insoluble support 
matrix. Until 1969 only limited success (6,7#8 ) was achieved 
in the application of these techniques to the purification 
of enzymes (^,5 )* perhaps because the ligand was bound 
directly to the matrix and -macromolecules could not approach 
the ligand. This problem of steric hindrance was resolved by 
placing a "spacer arm" between the matrix and ligand (9 )*
It has been shown that affinity chromatography is 
based on specific interactions between matrix-bound ligands 
and soluble biochemicals. In principle, a specific ligand 
interacting with a particular substance, usually a macro­
molecule, is covalently bound to an insoluble support. 
Substances with no affinity for the ligand will pass 
unretarded through a column of the bound support, otherwise 
the interacting materials will be retarded. A specific and
1
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selective absorbent (matrix beads) must be deliberately 
prepared for every enzyme (10,11). Recently, the application 
of affinity chromatography for isolation, purification and 
separation of macromolecules, such as enzymes (12), proteins 
(13), antibodies (14) and DNA (15)# has become a widely used 
tool.
Beaded agarose is the most frequently used matrix 
because of its relative stability, biological inertness, 
superior chromatographic properties and facile activation 
with cyanogen bromide (9)*
✓
+  H2N(CH2)x NH2
alkaline pH 
CNBr
-n h (c h2)x n h 2
agarose
The most versatile way of constructing the "arm" is by - 
aminoalkylation of agarose (16), followed by reactions such 
as Scheme I.
Inman and Dintzis (17) showed a number of useful 
chemical derivatizations of cross-linked polyacrylamide beads.
ir
0
H
90* c
CNH2 + H2NCH2CH2NH2
polyacrylamide
0
•CNHCH2CH2NH2 +  NH^ 
aminoethyl 
derivatives
2
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,-NH(CH2)xNH2+ R-COOH 
agarose
®  ^ n h ,chA n h - I r
agarose
h  0
0  II 0IIII ;  
-NH(CH2)xNH2 + BrCH2- C - 0 - N j  ► S-NH(ChyxNH-CCI^Br
agarose 0 agarose R -S H
R -N B
R- O - 0 H
R n
N ^ N H
«
alkylated derivative
Scheme I : Functionalizatbn of Aminoalkyl agarose
The coupling reactions used for aminoalky1-agarose 
derivatives have been applied to acrylamide beads (18). They 
also introduced' the use of reactive bead derivatives for the 
covalent binding of proteins as exemplified by the coupling 
of trypsin and of bovine serum albumin to beads,
A rather special type of affinity chromatography 
can be envisaged in which the material of the chromatography 
column reacts chemically with only one of the components of 
a mixture. After removal of the other components from the 
column by washing, the covalently bound component is released 
by reaction with a suitable reagent. The reaction that 
releases the component of interest should preferably leave 
the column in a form that can be readily "reactivated". This 
type of chromatography, which relies upon the scission and 
formation of covalent bonds, has been called "covalent 
chromat ography" (19).
One particular type of covalent chromatography is 
based on thiol-disulfide interchange. For example, a thiol- 
containing protein (ESH) reacts with a polymer containing 
mixed disulfide residues (F-S-S-X) by thiol-disulfide inter­
change (Scheme II). For the purpose of isolation of ESH from 
a mixture, P-S-S-X must be chosen such that (i) the reaction 
of Scheme 11(1) predominates over that of Scheme 11(2)i (ii) 
the reaction of Scheme 11(1) is effectively irreversible* 
(iii) release of the thiol, XSH, is readily detected, for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(1) P - S - S - X  + E -S H  P -S - S - E  + X -S H
•*
(2) P - S - S - X  + E -S H  P -SH  + E -S -S -X
i
(3) E - S - S - X  + E -S H  E -S -S -E  + X -S H
(A) P - S - S - E  E*cess RSH-  P-SH + E-SH + R -S -S -R
. Scheme I I : Thiol-disulfide Interchange Reactions Involved
/
in Covalent Chromatography.
example, by spectrophotometry. Thus the attachment of a 
thiol-containing protein to the column could be followed by 
monitoring the release of XSH produced in the reaction of 
Scheme 11(1). Subsequent elution with a solution of a low 
molecular weight thiol (RSH) would be expected to produce 
protein containing 1 mole of reactive thiol per mole of 
protein, the thiolated column (PSH) and the disulfide 
derivative of the low molecular weight thiol (R-S-S-R) 
(Scheme 11(4))(20).
Brocklehurst and Little (21) found 2,2*-dipyridyl 
disulfide (2-Py-S-S-2-Py) to be a convenient and accurate 
active-site titrant for papain at pH 3.8 even in the presence 
of up to 10-fold molar excess of L-cysteine and up to 100- 
fold molar excess of 2-mercaptoethanol. And they also found 
that 2-Py-S-S-2-Py reacts with both low molecular thiols and 
papain to provide release of Py-2-SH, stoichiometric with the 
thiol content of the reactants. This suggested that reaction 
of the thiol-containing protein (ESH) with a polymer 
containing mixed disulfide residue (P-S-S-X) might be 
similarly effectively irreversible. Thus Brocklehurst et_ al. 
(20) chose Py-2-SH as XSH for the preparation of any 
thiol-containing protein (Scheme III). This method has been 
used for the preparation of fully active papain from dried 
papaya latex and separation of papain from L-cysteine (19, 
20).
6
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A-S-S-A ljl
(thiolated sepharose) (Py-2-SH )
(2) |^S-S -/3 + eSH   •" I^ S^-S-E-*- S=Q
(thiol-containing I
protein) H
(3) |x^S-S-E ex--s-—  - |n^ S H +ESH + R-S-S-R
Scheme III: Application of the 2-thiopyridyl Group to
Covalent Chromatography.
Carlsson and Svenson (22) reported the isolation 
of bovine mercaptalbumin by using the above method (Scheme 
III), Later, Carlsson et al. (23) showed a rapid and specific 
method for isolation of thiol-containing peptides from large 
proteins, for example, parvalbumin, bovine serum mercapt­
albumin and ceruloplasmin, by thiol-disulfide exchange on 
a solid support.
Recently, reports illustrating the use of covalent 
chromatography to prepare enzymes and also the use of 2,2*- 
dipyridyl disulfide as a thiol titrant and a reactivity 
probe have appeared. For example, high-activity urease from 
Canavalla ensiformls (2*f) and fully active ficin from Ficus 
galbrata (25) are two systems which have been studied.
An analogous reagent n-propyl-2-pyridyl disulfide
. (Propyl-S-S-2-Py) reacts rapidly with thiol groups at the
sulphur atom distal from the pyridyl ring with stoichiometric
release of 2-thiopyridone. This suggests alkyl-2-pyridyl
disulfide in general as valuable two-protonic-state
• *
reactivity probes with exceptional specificity for thiol 
groups (26). It also suggests reactions such as in Scheme 
11(2) are not occurring to any great extent. In 1978* 
Carlsson ejt al. (27) reported the heterobifunctional reagent 
N-succinimidyl 3-(2-pyridyldithio)propionate for preparation 
of protein-protein conjugates (Scheme IV).
Affinity adsorbents for whole cells have been
' j *
8
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developed based on covalent attachment of biospecific ligands 
such as antibodies, hormones or lectins to agarose beads
(28). Covalent chromatography of cell membrane proteins via 
thiol-disulfide interchange has been reported previously
(29) but in that case membrane components were solubilized 
in detergent prior to coupling with the agarose-based gels.
In another report (30) an organomercurial-agarose matrix 
was used for rapid isolation of membrane glycoproteins, 
again after detergent solubilization.
bead reagents to be used in covalent chromatography of whole 
cells via thiol-disulfide interchange with surface components. 
The long-range goal is to assess the approach as a means of 
selective isolation of membrane proteins as depicted schema­
tically below. In adapting'covalent chromatography as above
The present study focuses on the development of
Bead-S-S-X + Cell-protein-SH
jcoupling
Bead-S-S-protein-cell +  X-SH
Bead-S-S-protein
Bead-SH
components
10
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to cell surface functional groups, endogenous or exogenous, 
several features of bead reagent design differing from those 
used for soluble proteins were considered*
(a) Bead porosity may not be utilized and, indeed, could 
be a negative property. For chromatography of cells, none 
of the pore volume of the macroporous agarose gels would 
be available for coupling (Ufi agarose in bead form has 
an exclusion limit of 20x10^ Daltons) and, yet, the large 
preponderance of bead surface area and, hence, functional 
groups are located there. Within-pore functional groups 
could actually be a detriment to coupling as depicted 
above since uncoupled membrane components liberated upon 
detergent solubilization could couple at that stage and 
thereby be classed with the surface-exposed macroraolecules
(b) Bead size becomes very important as a means of increas 
ing surface area available for cell coupling without using 
large quantities of beads. This consideration is really
a corollary to (a) above.
(c) Bead-cell coupling represents a reaction between two 
solids, one of which, the cell is very "rough" on the 
molecular scale. Thus, it would seem advantageous to 
incorporate bead functional groups on very long, flexible 
spacer arms extended into bulk solvent, thereby allowing 
the reaction between two solids to be more like one 
between a surface reactant and a solution phase reactant.
11
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Furthermore, the requirement that bead-anchored spacer 
arm extend into bulk solvent necessitates the choice of 
a hydrophilic oligomeric material for this component in 
contrast to the shorter hydrocarbon spacers used in many 
affinity chromatography applications•
Thus, more specifically, this study focuses on 
preparation and evaluation of a bead reagent capable of 
thiol-disulfide interchange reactions and with the following 
special features*
(a) The bead matrix is essentially non-porous to 
biological macromolecules of interest.
(b) Bead diameter is in the 10-37y*-m range which is 4-20- 
fold smaller than typically used in affinity chromatography.
(c) Spacer arms are of the hydrophilic <?<,(J-bifunctional 
poly(oxyethylene) type whose average extended length would 
be 50-70 L
12
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CHAPTER II 
EXPERIMENTAL
A. Materials
The following materials were commercially avail­
able i Bovine serum albumin (BSA, Fatty acid-free), Iodo- 
acetamide, 5,51-dithio-bis-(2-nitrobenzoic acid)(DTNB), 
dithioerythritol (DTE), N-ethyl-5-pbenyl-isoxazolium-3'- 
sulfonate (Reagent K) were from Sigma Chemical Company, St. 
Louis, MO. Papain (cryst.) was from Boehringer Mannhein 
Gmbh. Chloroacetic acid, sodium carbonate, sodium acetate, 
ethylenediamine tetraacetate (EDTA), potassium hydroxide, 
potassium chloride, phosphorus pentoxide sodium
chloride, sodium hydroxide, hydrogen peroxide (H202), sodium 
phosphate monobasic and dibasic, TRIS (hydroxymethyl)- 
aminomethane, dioxane, methanol, ethylenediamine, formamide, 
toluene (scintanalyzed) were from Fisher Scientific Company, 
Fair Lawn, N.J. Aldrithiol-2(2,2*-dipyridyl disulfide, 2- 
Fy-S-S-2-Py)* N-hydroxysuccinimide (NHS), triethylamine 
(Et^N) were from Aldrich Chemical Company, Milwaukee, WI. 
Dicyclohexylcarbodiimide (DCC), acetic anhydride (Ac20) from 
BDH Chemicals Ltd., Poole, England. Coomassie G-250, 
Iodoacetic acid, 2,b,6-trinitrobenzene-sulfonic acid (TNBS), 
2-mercaptoethanol were from Eastman Kodak Co., Rochester, 
N.Y. Acetic acid was from Allied Chemical Canada Ltd.,
13
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Pointe Claire, Qua, Hydrochloric acid was from J.T. Baker 
Chemical Co., Phillipsburg, N.J. Polyacrylamide gel P-2 
(-400 mesh) was from BIO-RAD Laboratories, Richmond, CA. 
Sephadex G-25 medium (140-200 mesh) and Blue Dextran 2000 
were from Pharmacia Pine Chemicals AB, Uppsala, Sweden. £l— 
^ C ]  -iodoacetamide (as an ethanol solution of speoific 
activity 15*76 mcurie/mmole), Protosol and Oranifluor (98# 
of 2,5-diphenyloxazole and 2% of p-bis- C>2-(5-phenyloxazoyl)} 
benzene) were obtained from New England Nuclear, Lachine, 
Que. Polyethylene glycol di(3-mercapto-propionate)(PEG-DMP) 
nominal average molecular weight 776 was obtained from Evans 
Chomotics, Darien, CT. Siliclad was obtained from Becton 
and Dickinson and Company, Parsippany, N.J. Potassium iodide 
was from Anachemia Chemicals Ltd., Montreal, Que. Membrane 
cones (Type CP 25) was obtained from Amicon Corporation, 
Lexington, MA. 2-acetamino-4-mercaptobutyric acid hydrazide 
(thiol hydrazide) was prepared and characterized by Y.C.Wu. 
of this lab (31).
B. Equipment
All pH measurements were obtained on a Radiometer 
model 26 pH meter, equipped with a Radiometer semi-micro 
combination electrode GK2301-C. All aqueous solutions were 
prepared using distilled deionized water. Glassware that 
beads contacted was siliconized (using Siliclad) in order to
14
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facilitate transfer, because polyacrylamide gel particles 
adhered strongly to glass surfaces.
All spectrophotometric measurementswere performed 
on a Gilford model 2000 absorbance recorder attached to a 
Beckman DU monochromator or a Beckman model 35 spectro­
photometer. Quartz Cells of 1-cm light path were used (1.2 
or 3 ml volumes).
Scintillation counting was performed on a Nuclear 
Chicago Unilux II scintillation spectrometer equipped with 
a print out terminal. Centrifugation was performed on a 
Sorvall centrifuge RC-2-B in rotor SS3^*
Sephadex G-25 medium was packed in 1.5x90 cm 
column K15 from Pharmacia Fine Chemicals AB, Uppsala, Sweden.
C. Methods
1. Analytical Methods
(a) TNBS Test (18)
TNBS solution was made 3# w/v in water. Samples 
are tested by mixing k ml of samples with 2 ml of saturated 
sodium borate, adding 3-5 drops TNBS solution, and comparing 
with a saline control after 5 minutes. After several minutes, 
primary amines give the colour ranging from yellow to orange 
red depending on the concentration of groups in the bead.
(b) Dry Weight Determination (18)
The polyacrylamide beads were added into a dry
15
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Gooch Crucible whose weight was accurately known. It was 
washed twice by suction with 0.2 M sodium carbonate (for 
amino groups) to render the groups uncharged, then washed 
with distilled deionized water to remove electrolyte and 
finally washed with methanol. The material was allowed to 
dry in the vacuum desiccator over P2°5 overnight• The 
crucible was weighed immediately after being removed from 
the desiccator.
(c) Determination of Aliphatic Amino Groups (18)
The bead sample was washed and resuspended (50%
v/v) in 0.2 M KC1. The pH was adjusted to 11 with 1 M KOH, 
standard HC1 (v, ml) of normality N was added to bring the 
pH to 7* The volume of suspension (V, ml) was measured. The 
amino group content was calculated using the following 
equation*
meq.(NH2) =  vN-(V-v)X0.001
(d) DTNB Titration of Beads
1 ml of a 50% (v/v) thiolated polyacrylamide beads
suspension was reacted with 10 ml of 10 mM DTNB in 0.1 M
sodium phosphate buffer, pH 8.0, containing 1 mM EDTA. The
mixture was stirred for 15-30 minutes at room temperature.
0
The supernatant was removed by filtration and the beads were 
washed with buffer several times. These beads were treated
i
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with 10 ml of 15 mM DTE in 0.1 M sodium phosphate buffer, pH 
8.0, containing ImM EDTA for 15-30 minutes at room 
temperature. Then the filtrate was saved and united with a 
subsequent 5 ml buffer wash. The final volume was recorded.
The content of the TNB group released was calculated from 
the using €/fl2 = 1*36X10^ M ^ c m ”"1 (32). The dry
weight of beads was measured as above.
(e) Conversion of Beads to Bead-S-S-2-Py Form and 
2-Py-S-S-2-Py Titration of Beads
2-Py-S-S-2-Py stock solution was prepared as 
follows (21): 40 mg of Aldrithiol-2(2-Py-S-S-2-Py) was added 
to 50 of water at room temperature and stirred magneti­
cally for several hours. Insoluble material was then removed 
by filtration. This solution was stable for a month when 
stored at 4 C. Concentration, determined using 628l= 9*7 X  
103 M”^cm"^ (33)i was in the range 1.1-1.4 mM.
The moist cake from 1 ml of 50& (v/v) thiolated 
bead suspension was suspended in 2 . 7 5  ml of 0 . 5  M sodium 
phosphate buffer, pH 7.55» containing 1 mM EDTA and 1.5 M KC1. 
This mixture was added in small portions to 10 ml 2-Py-S-S- 
2-Py stock solution and the final mixture was stirred for 
20 minutes at room temperature. At the end of period, it was 
washed with buffer several times and then DTE back titration 
was carried out as for the above DTNB titration of beads.
An £ 3 ^ 3  of 8.08 x 1 0 ^ M“^cm“^ (34) was used to calculate the
17
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concentration of 2-thiopyridone (Py-2-SH).
2, Alkylating Study
Polyethylene glycol di(3-mercaptopropionate)(PEG- 
DMP) reacts with iodoacetamide, iodoacetic acid, bromoacetic 
acid and chloroacetic acid individually in the following 
condition* 2 volumes of 5*7 “M (11*4 mN) PEG-DMP was combined 
with one volume of 10 mM or 20 mM above halo-compound and one 
volume of O.IMsodium phosphate buffer pH 8.6 or one volume of 
10 mM or 100 mM KI at room temperature. At time intervals of 
0.5, 1, 2, 4, 21, 24* hr., 50/U.l of the reaction mixture was 
taken separately and added to 3 ml of 0.1 mM DTNB solution 
which was dissolved in 0.1 M sodium phosphate buffer pH 8.6. 
Then it was measured by A ^ g  versus a blank solution contain­
ing 5 0 ^ 1  buffer and 3 ml of 0.1 mM DTNB solution.
3. Synthesis of the Long Arm Thiolated Polyacrylamide Beads
(a) Preparation of Aminoethyl Polyacrylamide Beads (18)
In a fume hood, 10 g dry beads were added into 200 
ml of ethylenediamine, which was preheated to 90#C, and 
stirred efficiently. The mixture was stirred gently for 20 
minutes at 90*C. After 20 minutes, the suspension was mixed 
with an equal volume of crushed ice until the temperature 
cooled near room temperature. The beads were promptly washed 
with 0.2 M NaCl, 0.001 N HC1 on a Buchner funnel and then
18
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'by batch washes until supernatants were negative to the TNBS 
test. The bead sample was washed twice and resuspended in 
0.2 M KC1. The aminoethyl group content was measured by 
titration as described above,
(b) Preparation of Iodoacetamidoethylpolyacrylamide 
(Bead-fiNIWNH^CH^I) From Aminoethylated Polyacrylamide Beads
(35)
The pH of aminoethylated polyacrylamide beads 
suspension (50& v/v) 60 ml was adjusted to 9.7-10.0 with 
dilute NaOH, then washed with water, Dicyclohexylcarbodiimide 
g, 20 mmol) was dissolved in dry dioxane (*f0 ml). This 
solution was combined with an ice-cold solution of iodoacetic 
acid (3.7192 g f 20 mmol) and N-hydroxy-succinimide (2.36 g f 
20 mmol) in dry dioxane (160 ml)• The mixture was maintained 
in the dark and stirred gently for 1 hr at 0°C and 1 hr at 
room temperature. It was filtered, and the filtrate was added 
to the above suspension of aminoethylated polyacrylamide 
beads. The resulting suspension was stirred for 3 hours at 
room temperature and then it was filtered by using a Buchner 
funnel, washed with dioxane-water (1*2) twice, then with 1 
M KCl-and 0.2 M KC1. Finally it was stored in 0.2 M KC1. 
Aminoethyl group densities were measured as described above.
(c) Blocking Unreacted Amino Group of Iodoacetamido- 
ethylpolyacrylamid§-Beads
10 g dry iodoacetamidoethylpolyacrylamide beads,
? 19
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containing around 50/"©<!• NH2 group was combined with a 
solution of acetic anhydride (1.134 nil. 12 mmol) and 
trie thy lamine (2 eq. amt., 13*93^1) in formaraide (40 ml).
The mixture was stirred for 3 hours at room temperature and 
then was added to 40 ml H20 and stirred for 15-30 minutes •
The beads were filtered, washed with 1 M KC1 and 0.2 M KG1 
and stored in 0.2 M KC1. Aminoethyl group densities were 
checked as usual.
(d) Preparation of Long Arm Thiolated Beads (Bead- 
§NHCH2CH2Nh 8cH2SCH2CH28o ( CH2CH20 )n?CH2CH2SH H Bead-SH) from 
Iodoacetamidoethylpolyacrylamide Beads
10 g dry iodoacetamidoacetylpolyacrylamide beads 
were added into a solution of polyethylene glycol di(3- 
mercapto-propionate) HSCH2CH28o(CH2CH20)n<5CH2CH2SH (40-50 eq. 
dithiol by DTNB titration? average molecular weight 683 by 
this titration) in 0.1 M sodium phosphate buffer (70 ml), 
pH 8.6, containing 1 mM EDTA. The mixture was stirred for 
24 hours at room temperature before treatment with 2-mercapto- 
ethanol at a final concentration of 100 mM, and stirring for 
an additional 24 hours at room temperature. The supernatant 
was removed and the beads were washed with water containing 
5 mM DTE twice, then with 1 M KC1 containing 5 mM DTE and 
0.2 M KC1 containing 5 mM DTE. The preparation was stored in 
the latter solution at 4*0. Thiol content was determined by 
DTNB titration and 2-Py-S-S-2-Py titration.
20
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4. tl2fcj -Iodoacetamide Coupling with Bead-SH
Two samples were prepared as followsi 0.2 ml of 
50% (v/v) beads suspension which was treated with 1 mM DTE 
in 0.1 M sodium phosphate buffer pH 7.5 containing 1 mM EDTA. 
The samples were transferred to tared 10 x 75 mm tubes and 
washed with buffer by centrifugation. The first sample was 
treated with non-radioactive iodoacetamide first, and washed 
twice with buffer. Then both tubes were treated with labeled 
iodoacetamide and left for 1 hour at room temperature. After 
this, each tube was washed with buffer several times and then 
with methanol twice by centrifugation. Bead samples were 
dried in a vacuum desiccator over PgO^ and weighed. 0.*+ ml 
of 30# **2°2 was added each tube, the tubes were sealed 
and placed in an oven (70-75*0) until the beads were dissolved. 
After 3-^ days, the sealed sample tubes were taken from the 
oven and kept at -20#C overnight. The sample tubes were 
immersed in liquid nitrogen and opened. (Caution: failure to 
cool these tubes results in a violent release of pressure 
upon opening). Samples were transferred individually into 
scintillation vials by adding 1.5 ml Protosol, each in small 
portions, followed by 1 ml cocktail. Each scintillation vial 
finally was diluted with 10 ml cocktail, mixed well and 
counted. The cocktail used here was Omnifluor (*f g/1) in 
toluene. Sample counting efficiency was determined by the 
channels ratio method using a set of C quenched standards
21
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from Nuclear Chicago. A typical quench correction curve is 
given in the Appendix 1.
5* Papain Coupling with Bead-S-S-2-Py
(a) Preparation of Activated Papain (36)
Papain (suspension of 20 mg in 2 ml 50 mM- sodium 
acetate buffer pH *f.5) was adjusted pH to 8.0 with 1 M TRIS 
stock. To this solution was added deionized water until the 
papain dissolved. Then the papain solution was activated by 
treatment with 0.4- ml of 100 mM DTE (final DTE concentration 
5 mM) for 15 minutes and the activator removed by passage 
through a Sephadex G-25 column. N^-saturated 0.5 M sodium 
acetate buffer pH *f.5 containing 0.15 M NaCl and 1 mM EDTA 
was used throughout. The desired fractions were pooled on 
the basis of A2gg measurements. The molecular weight of 
papain was taken as 23*000 (37) and E ^ g  for papain as 25 
(38)* Thiol content of the papain was determined by titration
with DTNB and 2-Py-S-S-2-Py.
\
(b) Activated Papain Coupling with Bead-S-S-2-Py
Bead-S-S-2-Py was made as above. The moist cake
from 4 ml of $0% (v/v) bead-S-S-2-Py suspension in 25 ml 
Gooch Crucible was mixed with 6 ml of activated papain 
obtained from the Sephadex G-25 column. The mixture was stirred 
gently for 20 minutes at room temperature, then filtered and 
washed with the acetate buffer. Ag^g and A^/^ of the filtrate
22
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were measured, and thiol and R-S-S-2-Py contents of the 
filtrate were determined by 2-Py-S-S-2-Py and DTE titration, 
respectively. The beads were treated with 15 mM DTE (in 
0.1 M sodium phosphate buffer, pH 7«5 with 1 mM EDTA) back 
titration. Then the filtrate was dialyzed over two nights 
against several changes of N2-saturated acetate buffer of pH 
4.5* After dialysis, the resulting solution was characterized 
by A2^3 and by titration with 2-Py-S-S-2-Py at pH 4.5 and 
pH 8.0.
6. BSA Coupling with Bead-SH
400 mg of BSA was dissolved in 2 ml of 0.1 M sodium 
phosphate buffer, pH 7«55* containing 1 mM EDTA and 0.3 M 
KC1. This BSA solution, which was treated with 0.9 eq. of 
DTE (353^1» 15 mM DTE) for 30 minutes at room temperature 
was isolated from a Sephadex G-25 column. The thiol content 
was 0.8-1.0 SH per unit by 2-Py-S-S-2-Py titration.
(a) BSA Coupling with Bead-S-S-2-Py
\
Bead-S-S-2-Py was made as above. Two samples were 
prepared as follows* The moist cake from 4 ml of 50% bead- 
S-S-2-Py (in 0.2 M KC1) suspension in a 25 ml Gooch Crucible 
was mixed with 1.5 ml of BSA-SH obtained from Sephadex G-25 
column and 2 ml of 0.05 M sodium acetate buffer, pH 4.5, 
containing 1 mM EDTA and 0.15 M NaCl. The two samples were 
stirred separately for 1 minute and 10 minutes at room
23
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temperature and then filtered and washed with the acetate 
buffer. Values of A ^ q and A^/^ of the filtrates were 
measured. The thiol and R-S-S-2-Py contents of the filtrate 
were determined by titration of 2-Py-S-S-2-Py and DTE 
respectively. The molecular weight of BSA was taken as 
68,000 and e |^q , for BSA as 6.7, 6.6 (22,39).
For many experiments, BSA was used directly as 
obtained (approx. 0.4 eq. SH/mole) in 0.1 M sodium phosphate 
pH 7*55 containing 1 mM EDTA.
For the long coupling reaction times (3-16 hr.), 
all the procedures were same as described above. But protein 
was determined from A2q 0 measurements on the supernatant 
solutions which had been concentrated and washed free of 
Py-2-SH in a ultrafiltration centrifuge cone apparatus. This 
cone apparatus, using a type CF-25 membrane, was centrifuged 
<2750 rpro for 15 min. The other assay for protein was by 
using the Coomassie Brilliant blue G-250 method of Bradford 
(40).
(b) BSA-S-S-2-Py Coupling with Bead-SH
BSA-S-S-2-Py wa3 made as follows* Dropwise addition 
of 2 ml of BSA-SH from Sephadex G-25 filtration to 2 ml of 
2-Py-S-S-2-Py stock solution.was followed by stirring for 1 
hour at room temperature. BSA-S-S-2-Py solution was 
isolated from Sephadex G-25 column. 0.05 M sodium acetate 
buffer, pH 4.5, containing 1 mM EDTA and 0.15 M NaCl was
24
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used throughout. The desired fractions were collected on the 
basis of A2p0 measurements. BSA-S-S-2-Py content was 
determined by titration with DTE.
1 ml of 50% (v/v) bead-SH (0.5-1-O^mole-SH) was 
washed with N^-saturated acetate buffer, pH 4.5» and treated 
with 6 ml of BSA-S-S-2-Py (0.066-0.184^moles-S-S-2-Py) 
obtained as above for 10 min. at room temperature. The 
washing step, DTE cleavage step, and protein determination 
were as described above.
7. Cell Coupling with Bead-S-S-2-Py
The human erythrocyte membrane (ghost) preparations 
were carried out by the method of hypotonic lysi3 as summari­
zed by Steck (41). The final preparation consisted of a 50% 
suspension in 0.1 M sodium phosphate buffer, pH 7«5*
(a) Ghosts Reaction with 2-Acetamino-4-mercaptobutyric 
Acid Hydrazide (Thiol Hydrazide)
A ghost sample (*-20 ml, 50% suspension) was 
treated with 10 mM DTE for 20 min at room temperature. Then 
it was centrifuged at 10,000-12,000 rpm for 10 min, the 
supernatant was discarded and the packed ghosts were diluted 
to the initial volume with 40 mM iodoacetamide and maintained 
at room temperature for 30 min. The ghost sample was washed by 
centrifugation with 0.1 M sodium phosphate buffer, pH 7»5» 
then with PBS once and resuspended in PBS. 1 ml of this
25
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50# ghost suspension was taken for 2-Py-S-S-2-Py titration 
and 0.1 ml for protein assay as below. The remainder of 
the 50# ghost suspension was treated with 3*3^ ml of 0.02 M 
NalOj^ in PBS for 15 min at room temperature. Then it was 
centrifuged, washed twice with PBS, resuspended in the same 
and treated with 6.66 ml of 0.01 M thiol hydrazide in PBS. 
After a 2 hr incubation at room temperature, the mixture was 
diluted with ^ *10 ml of PBS, centrifuged and washed twice with
0.1 M sodium phosphate buffer, pH 7*5* containing 1 mM EDTA. 
Consequently a 50# suspension in above buffer was prepared.
The thiol content was determined by 2-Py-S-S-2-Py titration 
in the absence of SDS. Protein was determined by using the 
coomassie brilliant blue G-250 procedure as described by 
Bradford (40).
(b) Ghost-Hydrazone Coupling with Bead-S-S-2-Py
Seven milliliters of ghost-hydrazone (50# suspen­
sion) was added to 5 ml 50# bead-S-S-2-Py, which was 
maintained at room temperature for 30 min. It was then 
centrifuged at 12,000 rpm for 5 min. The coupling supernatant 
was characterized by its A p r o t e i n  assay. The residue 
was washed twice by centrifugation at 5°0 rpm for less than 
1 min in 0.1 M sodium phosphate buffer, pH 7*5* containing 
1 mM EDTA.
The bead residue was then washed once with 1#
SDS containing 20 mM iodoacetamide and then washed twice
26
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with O.l# SDS in buffer. The washed residue was finally 
treated with ml of 15 mM DTE in 0.17$ SDS for 20-30 min at 
room temperature. The supernatant was kept for protein 
determination as described above.
8. SDS Polyacrylamide Gel
The gel was prepared as described by Weber and 
Osboron (^2), except that Pyronin G was used as the tracking 
dye. After electrophoresis the gels were stained with coomassie 
blue G-250 and cleared as described by Fairbanks, Steck & 
Wallach (^1). They were then scanned with an Ortec **310 
densitometer at 550 nm.
27
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER III 
RESULTS
A, Preparation of Long-Arm Thiolated Polyacrylamide Beads
The long-arm spacer molecule tested in this study 
was a sample of polyoxyethylene glycol di(3-mercapto- 
propionate), PEG-DMP, of general formulai
0 0 
HSCH2CH2C0( CH2CH20 )n5cH2CH2SH
The material obtained from Evan's Chemetics was of nominal 
average molecular weight 776 (i.e. nsl3,2). Spectrophoto- 
metric titration of the thiol content using DTNB and/ or
2-Py-S-S-2-Py indicated an average molecular weight of 683* 
The overall plan for incorporation of this material into a 
bead material is shown in Scheme V. Commerically obtained 
polyacrylamide beads was Bio-Gel P-2 (*-400 mesh), i.e. 
particle diameter 10-37-*m and inclusion limit (molecular 
weight cutoff) *-1800 Daltons.
1. Alkylation Study 1
A model study using the poly(oxyethylene)-^,£^- 
dithiol and a selection of alkylating agents was carried out 
in order to determine approximate conditions for the bead
28
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alkylation step of Scheme V. Reactions were monitored by 
spectrophotometric titration of the thiol remaining in 
solution as a function of time. Conditions and results are 
given in Table I. From these results it was decided that 
iodo- or bromo-acetyl groups would be tested in the bead 
synthesis outlined in Scheme V.
2. Aminoethylpolyacrylamide Beads
Aminoethylation of polyacrylamide beads with
0
ethylene diamine at 90 C was carried out as described by 
Inman (18). For heating times of 20, 30 and 1*5 minutes, the 
amino group titres were respectively 52 ± 5  (*+ determinations), 
78 (one determination) and 17*f±10 (2 determinations)^eq./g 
of dry beads.
3- Haloacetamidoethylpolyacrylamide Beads
A number of methods common in peptide chemistry 
were evaluated for coupling of haloacetic acids to amino­
ethylpolyacrylamide beads. The coupling survey was initiated 
with chloroacetic acid using (a) water soluble carbodiimide 
1-ethyl-3-(3-dimethyl-amino-propyl)-carbodiimide (EDAC * Scheme
VI) (**3)i ("b) dicyclohexylcarbodiimide (DCC) and N-hydroxy- 
succinimide (NHS) to form an intermediate chloroacetyl-NHS 
ester which was allowed to acylate aminoethyl beads (Scheme
VII) (35) and (c) N-ethyl^-phenyl-isoxazolium^*-sulfonate
29
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Table Is Alkylating Study with Polyethylene Glycol Di(3-mercaptopropionate)a
Reagents Residual Thiol Concentration(mM)^
PEG-DMP0 ICH2C0NH2 ICH2C00H BrCH2C00H C1CH2C00H KI } 1 2 k 21 2k
(mN) (mM) (mM) (mM) (mM) (mM) hr. hr. hr. hr. hr. hr.
5.7 2.5 - - - - 1.7 1.7 1.8 - - -
5.0 5.0 - - - - 0.02 0 - - - -
5.0 - 5.0 - - - 2.6 2.0 1.2 0.6k 0 -
5.0 - - 5.0 - - 3.6 3.0 2.2 1.3 0.02 -
5.0 - - 5.0 - 25 3.5 2.7 2.0 1.1 0 -
5.0 - - tm - - 5.0 k.8 k.6 k .k 2.7 -
5.7 - - - 2.5 - 5.5 5.6 5.6 5.6 3.8 3.6
5.7 - - - 2.5 25 5.0 5.6 5.6 5.6 3.7 3.5
5.7 - - - - - 5.0 5.6 5.6 5.9 3.5 3.3
a. Reagents were incubated in 0.1 M sodium phosphate buffer of pH 8.6 at room temperature.
b. Residual thiol concentrations were determined on aliquots of the reaction mixture at 
the times indicated. The aliquots were diluted 6l-fold with DTNB stock solution (DTNB
Ta
bl
e 
Ii 
Al
ky
la
ti
ng
 
St
ud
y 
wi
th
 
Po
ly
et
hy
le
ne
 
Gl
yc
ol
 
Di
(3
-m
er
ca
pt
op
ro
pi
on
at
e)
 
(C
on
t'
d)
32
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
co CO *P CO
m m  m m
o  O  O  C->
^ X ^  \ l /
© z  © z
I I
X X
<->
□?* D C 4
Ss! ^
C-> o
i <£ XZ Q „ z-i31
II IJJ S o .  r a i,
0  ' I P  © — o
J, l i '  i _ X
1 S ST i-LU CL. trJ- LU
DC +
o
o£* o
o
CMm  
o
£ •  ° = £
z  m
*  *
o=o 0=0
*Er ' 3s s
CD CD
33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sc
he
me
 V
I: C
hlo
roa
cet
yla
tio
n 
of 
Am
ino
eth
yl 
Po
lya
cry
lam
ide
 
Be
ad
s
Us
ing
 
1-e
thy
l-3
(3-
dim
eth
yl-
am
ino
-pr
op
yl)
-ca
rb
od
iim
ide
(E
DA
C)
.
0(I) cich| o h * O n = c= n - 0 * V0H S i p "
(DCC) jj(NHS)
0 S 0
ClCH2- C - 0 - f O  + O ^ - C - ^ - O
0  H  H
0 0 ft
(2) [B eod I-C -N H ^N H 2 *  C IC H r C -O -N j
0  0  0  0
[BeadbCNFW NHCCHgCl
SchemeVU'Chloroacetylation of Aminoethyl Polyacrylamide Beads Using
Dicydohexylcarbodiimide(DCC) and N-hydroxy-succinimide(NHS).
if ~ II K
H O - H J
(Reagent K; Scheme VIII) (4*0. Results are given in Table II.
All subsequent preparations were carried out with
/
iodoacetylation using DCC and NHS.
The foregoing results show that quantitative
conversion of all bead aminoethyl groups to haloacetamidoethyl
_ *
groups was not possible. For this reason an acetylation step 
was included in the synthetic pathway in an attempt to 
completely mask unreacted amino groups. Suspension of dry 
beads in formamide and treatment with acetic anhydride plus 
triethylamine followed by aqueous workup and amino group 
titration indicated acylation of 85-95# of the remaining 
aminoethyl sites had occurred. For example, amino group titres 
of 25 and 26^eq./g before treatment , became 4.4 and 5«8^eq./ 
g, afterward.
4. Alkylation of ^ .fr^-di thiols using Haloacetamido ethyl 
Beads
Thioether formation between haloacetamidoethyl 
beads and the "long arm" dithiol, FEG-DMP, was attempted 
using a 20-fold malar excess of the latter in order to favour 
mono-alkylation. The anticipated reaction is presented in 
Scheme IX (part a) along with conditions. Degree of coupling 
was inferred from spectrophotometric titration of thiol 
groups on the bead samples. Results are given in Table III.
Under the above conditions a "short arm" dithiol
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Table II* Coupling Aminoethyl Polyacrylamide 
Beads and Haloacetic Acid a
Bead-?NIWNH2+ XCH^OH 
Reagent
Before reaction 
original-NH2 
_groups(i/eq./g). .
After reaction 
unreacted-NH2 
groups Ueq./g)
Haloacetyl 
groups bound
Ueq./g)
$ of halo­
acetyl group 
bound
EDAC b+ C1CH2C00H 77.?±1.6 50.8 + 3.0 26.9+4.6 35.0 + 7.0
Reagent K+C1CH2C00H 77.7±1.6 30.8 + 0.4 46.9±2.0 60.0+4.0
DCC + RHS + CICHgCOOH 183.5±0.5 62.6±3.8 120.9±4.3 66.0+2.5
DCC+HHS+BrCHgCOOH 164.0 78.2 85.8 52.0
DCC -f NHS +  ICHgCOOH 164.0 62.8 101.2 62.0
a. Conditions of coupling are g^ iven in Schemes VI, VII and VIII. Coupling was 
estimated from the decrease in amino group titre of the bead samples. In each 
reaction with a 10-20-fold excess of acylating reagent over bead amino groups.
b. EDAC is l-ethyl-3(3-dioethyl-amino-propyl)-carbodiimide. DCC is Dicyclohexyl- 
carbodiimide, NHS is N-hydroxy-succinimide, Reagent K is N-ethyl-5-phenyl- 
isoxazolium-3*-sulfonate.
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Table lilt Reaction of Haloacetamidoethylpolyacrylamide with 
polyethylene glycol di(3-mercaptopropionate)
Reagent
Rx.
Time
Before Rx. Haloacetyl 
Group Content1* 
la mol/g)
After Rx. Thiol 
Group Content0 
ftfmol/g)
Thiol Group content 
as $> of Sites 
available.
Bead-C0CH2Cla4KI 1 day 120.9 8.5 7.0
Bead-COCH-Br® 1 day 85.8 12.6 14.7
4 days 85.8 11.7 13.6
Bead-COCH,Ia 1 day 101.2 13.8 13.6
4 days 101.2 12.2 12.1
a. The symbols bead-COC^Cl, bead-C0CH2Br and Bead-COCiy represent Chloro-, Bromo- 
and lodo-acetamidoethylpolyacrylamide.
b. Haloacetyl group content was inferred from the decrease in amino group titration
c. Thiol group content was determined by spectrophotometric titration using DTNB.
I
dithio-erythritol (DTE), was coupled to some of the halo­
acetamido ethyl bead preparations. The anticipated reaction 
is indicated by part b of Scheme IX and comparisons of
reaction of long- and short-arm dithiols to the same bead
«
sample are given in Table IV. The results clearly indicate 
that there are haloacetamidoethyl groups on the beads which 
are not accessible to PEG-DMP but which do react with the 
smaller molecule, DTE. With the aim of blocking some of 
these unreacted haloacetamido groups coupling of long arm 
dithiol to beads was routinely followed by treatment with a 
high concentration of 2-mercaptoethanol in the same coupling 
buffer.
5. Summary of Overall Synthesis of Long-Arm Thiolated Beads 
The preferred pathway for preparation of long-arm 
thiol beads is given in Scheme X and Table V presents the 
results of three preparations which were taken through the 
steps of Scheme X.
B. Characterization of Long-Arm Thiolated Beads in Thiol- 
Disulfide Interchange Reactions
For reasons given in the Introduction thiol- 
disulfide interchange reactions studied here all involved 
an "activated" disulfide, ones which upon reaction with a 
thiol resulted in expulsion of an aromatic thiol(ate). Two
40
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Table IV* Comparison of Short Arm and Long Arm Thiolated Beads a
Bead-C0CH2I Bead-COCH«Br Bead-COCHgl
with with with
PEG-DMP DTE PEG-DMP DTE PEG-DMP DTE
Before reaction, haloacetyl group 
content (amol/g) 101.2 101.2 85.8 85.8 30.3 30.3
After reaction, thiol group content c 
[um ol/g) 13.8 28.9 12.6 28.2 4.6 7.8
Thiol group content as % of 
sites available 13.6 28.6 14.7 32.9 15.2 25.7
Short arm thiol/ long arm thiol 2.1-fold 2.2-fold 1.7-fold
a. PEG-DMP is polyethylene glycol di(3-mercaptopropionate). DTE is Dithioerythritol. 
The symbols bead-COCH^I and bead-COCH^Br represent the corresponding haloacetamido 
ethyl bead preparations. In all cases 20 moles of thiol were allowed to react with 
bead haloacetamido groups at room temperature in pH 8.6 suspension for 24 hours.
b. Haloacetyl group content was estimated indirectly from amino group titrations 
as in Table III.
j c. Thiol content was determined by spectrophotometric titration using DTNB.
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Table Vi Synthesis of Long Arm Thiolated Beads from Poly­
acrylamide Beads
Expt. 1 Expt. 2 Expt. 3
Bead-CONH/vHHg a C^eq./g NHggr.) 4? 49 48
Bead-C0NH~HHC0CH2I b Ueq./g CH2I.) 26 (56#) 44 (90#) 25 (5236)
Baad C^0NH~HHC0CH2I 0 
sCONlWNHAc
t e^q./g MH2gr,) 5.8(8036) 0 (100?6) 4.4(91#)
Bead-SH d (umol/g) 5.0(19#) 5.8(1336) 3.2(13#)
a. Amino group content was determined by potentiometric titration,
b. Iodoacetamido group content was inferred from the decrease in amino group
titration (percentage amino groups lost).
c. Acetamido group content was inferred from the additional decrease in amino
group titration (percentage of remaining amino groups lost).
d. Thiol group content was determined by spectrophotometric titration using DTNB 
(percentage of iodoacetamido groups alkylated).
Schemes were considered:
Bead-S-S-Ar *f- RSH ---> Bead-S-S-R -f- ArSH
Bead-SH +  R-S-S-Ar--* Bead-S-S-R -f- ArSH
where the aryl moiety was derived from 2-mercaptopyridine 
(Py-2-SH) or 5-mercapto-2-nitrobenzoic acid (thionitroben- 
zoate, TNB).
1. Activated Thiolated Beads, Bead-S-S-Ar
Long-arm thiolated heads were converted into the 
activated mixed disulfide form simply hy scaling up the first 
stage of thiol determination using 2-Py-S-S-2-Fy or DTNB.
Thus, bead-SH suspension was added slowly with thorough 
mixing to a large excess of one of the latter reagents followed 
by exhaustive washing with buffer and finally with 0,2 M KC1. 
Beads were usually stored in the latter medium at 4*C. Small 
aliquots were characterized by back titration with DTE.
2. Accessibility of Bead-S-S-2-Py to Small Thiols
Free PEG-DMP was used as a probe of accessibility 
of bead-S-S-2-Py sites. Interchange reactions carried out at 
room temperature and pH 7*55 for 3 hours with 1.7» 2.8 and 
44 equivalents of thiol per equivalent of bead-S-S-2-Py 
respectively showed release of 89, 9^ and 88# of the available
44-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2-thiopyridone (where "available** Py-2-SH was that released 
by 15 mM DTE at pH 7.55 after 30 minutes at room temperature) 
2-mercaptoethanol was used as a small kinetic probe 
of bead-S-S-2-Py groups. In this case an approximately 20- 
fold excess of bead-S-S-2-Py was allowed to react with the 
thiol at pH 7.55 for short periods with the results given 
in Table VI.
3. -Iodoacetamide Alkylation of Bead-SH
As an independent check of bead thiol group density 
radio-chemical titration was carried out using (l-^Cj - 
iodoacetamide of known specific activity. Samples from two 
preparations, freshly treated with 10 mM DTE and finally 
centrifuged once in 1 mM DTE, were mixed in thick suspension 
with excess labeling reagent, with and without pre-treatment 
with non-radioactive reagent. After copious washing with 
aqueous buffer and then methanol, bead samples were dried 
and weighed portions were digested in 30# hydrogen peroxide 
prior to liquid scintillation counting in a toluene-based 
cocktail. Quench correction was carried out using the 
channels ratio method based on a set of £ J -standards 
from the instrument manufacturer (a typical quench correction 
curve is given in Appendix 1). Counting efficiencies for 
these samples were 82-89# and results are given in Table VII.
45
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Table VI* 2-mercaptoethanol Coupling with Bead-S-S-2-Py a
2-mercaptoethanol Reaction Py-2-SH $ of 2-mercapto-
(0.132^  mol) Time(min.) Released ethanol Bound
Coupling with ^mol)
Bead-S-S-2-Py •
(2.92yUmol) 1-2 0.068 51
Bead—S—S—2—Py
(2.5/imol) 10 0.092 70
a. The quantities indicated were combined in approximately 40# bead suspension 
at room temp, in pH 7*55 buffer. At the times indicated the suspensions were 
rapidly filtered, beads were washed, the wash was combined with the first 
filtrate and the filtrate was measured.
»
Table VII* (^C)-Iodoacetamide Coupling with Bead-SH a
Sample
1 2 3 l*
dpm in sample 4,353 220,186 1,681 118,192
1 ^ , 1
jamol ( CJ -carboxamidomethyl/g 0.075 3.6 0.021* 2.0
,umol bead-SH/g from 2-Py-S-S-2-Py titration 8.1* 8.4 5.0 5.0
]-carboxamidomethyl incorporated 
as a percentage of bead-SH
0.9 43 0.5 40
a. Bead samples (corresponding to ca 0.029 g dry beads) as packed suspensions in
0.1 M sodium phosphate buffer of pH 7*5 in the presence of 1 mM DTE were 
treated with iodoacetamide at room temperature at an approximate final con­
centration of 15 mM (57# suspension). Samples 1 and 3 were treated with non­
radioactive iodoacetamide (2 .5 m mol) for 20 min., washed once and then all 
samples were exposed to (^CJ-iodoacetamide (2.66yumo 1 at 0 .9 ^ C i/n a o l i.e. 
5*50 x 10^ dpm/sample) for 1 hour before washing.
4. Coupling of Papain to Bead-S-S-2-Py
The coupling of activated papain (36) to-the 
present bead-S-S-2-Py preparation was carried out under 
conditions modelled after those of Brocklehurst and co­
workers (26) with an agarose-glutathionyl-S-S-2-Py system. 
Papain activation, which involved treatment with low molecular 
weight thiol followed by gel filtration, yielded samples of 
the enzyme containing 0.4>3 and 0.52 moles of thiol per mole 
of protein of molecular weight 23*000. These values may be 
compared to literature ratios (36) in the range 0.4— 0.6. The 
results of two coupling experiments are presented in Table 
VIII. Py-2-SH release in these experiments indicated 6? and 
84# coupling whereas determination of the decrease in protein 
content suggested 4-1 and 55# coupling respectively. Bead 
supernatants after the DTE cleavage reaction could be checked 
for protein by measurement of A2^g. When this was done the 
results of Expt. 1 showed that all of the protein coupled 
during Py-2-SH release was recovered upon DTE back reaction.
By contrast the coupling supernatant of Expt. 2 showed only 
a small fraction of the expected protein. The uncertainty in 
both of these measurements lay in the fact that correction 
of A2^0 values due to Py-2-SH present was a large proportion 
of the absolute magnitude of those absorbances. Thus the 
cleavage supernatants were dialyzed exhaustively, until A ^ ^  
values dropped to zero, and A2^g*s were remeasured to give
48
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Table VIII* Coupling of Papain with Bead-S-S-2-Py a
Experiment 1 Experiment 2
Bead —S —S —2—Py 2.6^mol J.OyUmol
Sample Applied Protein ^  2.8 mg of which 1.5 mg Protein 2.9 mg of which 1.3 mg
(0,063^mol) was papain-SH (0.055/tfniol) was Papain-SH
Coupling 0.042^mol Py-2-SH 0.046/tfmol Py-2-SH
supernatant protein 2.2 mg protein ^  2.2 mg
DTE cleavage protein ^  1.0 mg(before dialysis) protein ^  0.17 mg
supernatant protein ^  0,36 mg(after dialysis) protein ^  0.11 mg
a. Samples (6ml) of activated papain, taken directly from G-25 gel filtration in 
0,05 M sodium acetate buffer of pH If.5 containing 0.15 M NaCl and 1 mM EDTA 
were reacted with 2 ml packed bead-S-S-2-Py (lf0-50-fold excess of bead-S-S-2-Py) 
for 20 min. at room temperature. The supernatant was removed by filtration and 
the beads were washed with the same buffer. The two filtrates were pooled as 
"coupling supernatant". The beads were then treated with 15 mM DTE in 0.1 M 
sodium phosphate buffer of pH 7*55 for 30 min at room temperature. The super­
natant was again removed by filtration and combined with a subsequent wash with 
the same solution and characterized as the DTE cleavage supernatant. This solu­
tion was dialyzed 2 days at 4*C against several changes of N2-saturated acetate
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Table VIII: Coupling of Papain Bead-S-S-2-Py (cont*d)
buffer above.
b. Protein was determined from A ^ q measurement. In cases where Py-2-SH was present 
A278,corr* was calcula,ted fro111 A2^ g»corr.s: A^^g-1.25 X A y ^ (33)
Vj x
o
«
the final values in Table VIII. The amounts of protein 
shown were 60 and l6fo of the corresponding amounts of protein 
not present in the coupling supernatants and correspond to 
28 and 7 nmol/g of dry beads, respectively. The same amounts 
were 37 and 10^ of the degree of protein coupling indicated 
by Py-2-SH release.
5* Coupling of BSA-SH to Bead-S-S-2-Py
Initial attempts to couple mercaptalbumin (BSA-SH) 
to bead-S-S-2-Py were formulated with conditions analogous to 
those of Carlsson and co-workers (22,23)» for BSA-SH coupling 
to agarose-glutathionyl-S-S-2-Py beads. Thus coupling times 
of hours at room temperature and pH 7.5 with bead-S-S-2-Py 
groups in large (5-15-fold) excess were used. The BSA samples 
used in these experiments were characterized by a thiol 
titration of ca O.Jf mole thiol per mole of polypeptide of 
molecular weight 68,000. The results of three such experi­
ments are given in Table IX. In each case it is seen that 
amounts of 2-thiopyridone were liberated which were nearly 
equal to or greater than the molar quantities of mercaptal­
bumin in the experiments and yet amounts of protein present 
in the coupling supernatants were not consistent with such 
large amounts of coupled protein. Examination of the DTE
s
cleavage supernatants (after concentration and ultrafiltra­
tion to remove Py-2-SH) showed very small amounts of protein
51
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Table Hi Coupling of BSA-SH with Bead-S-S-2-Py a
Experiment 1 Experiment 2 Experiment 3
<^mol of bead-S-S-2-Py 0.^9 ^ mol 2.47^mol 3.15yttmol
Sample applied Protein 20 mg of which 
6.8 mg (O.l^mol) was 
BSA-SH
Same Same
Coupling supernatant 0.086^mol Py-2-SH
V
protein 15.5 mg
0.1*64^ moi Py-2-SH 
protein b 16.7 mg
0.243^ mol Py-2-SH 
protein b 17.3 mg
DTE cleavage 
supernatant Protein 0.105 mg Protein b 0.408 mg Protein b 0.3 mg
a. All reactions were carried out at room temperature in 0.1 M sodium phosphate buffer 
of pH 7*55 containing 0.1 mM EDTA (a) 2.5 hr. for experiment 1 (17# suspension)
(b) 16 hr. for experiments 2 and 3 (56# suspension). The coupling and DTE cleavage 
supernatants were removed as for the papain experiments (footnote to Table VIII).
b. Protein was determined from A q^q measurements on the supernatant solutions which
had been concentrated and washed free of Py-2-SH in an ultrafiltration centrifuge 
cone apparatus.
bound. In the three experiments protein corresponding to 1.5»
6.0 and 4.4# of the available BSA-SH remained in the cleavage 
supernatant and these amounts corresponded to occupancy of
0.32, 0.24 and 0.14# of the available bead-S-S-2-Py sites, 
respectively. The amounts of protein in the cleavage super­
natants corresponded to 9 * 5  and 4 nmol/g of dry beads 
respectively.
Table X shows the results of coupling reactions 
formulated analogously to the foregoing but these were 
stopped after much shorter times (1-2 min. or 10 min.).
One experiment was carried out at pH 7*5 while the other 
occurred in pH 4.5 buffer. The amounts of Py-2-SH in the 
coupling supernatants at 1-2 minutes already corresponded to 
binding of BSA-SH in greater than or equal to 1.0 mg amounts,
1.e., greater than the amounts of protein isolated in the 
cleavage supernatants of the 3-16 hr reactions of Table IX. 
Coupling supernatants after 10 min indicated 2-thiopyridone 
concentrations more than 3-fold lower than those of the 1-2 
minute reactions. The sum of the long and short period 
coupling reaction data pointed up the possibility that other 
complicating processes such as exchange reactions might be 
occurring in competition with the desired reaction. Further 
examination of BSA-SH and its derivatives in the following 
sections was aimed at determining whether the foregoing 
results reflected the bead reagents or the protein itself.
53
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Table Xi Coupling of BSA-SH with Bead-S-S-2-Pya
Experiment 1 Experiment 2
(^tmol of Bead-S-S-2-Py 2.3 4.3
Sample Applied Protein 20 mg of which 6.8 mg Protein0 19*1 rag all 
(0.1/tfmol) was BSA-SH of which (0.28,^ mol)
Coupling Supernatant
Was BSA-SH
(a) 1-2 min Reaction 0.035^«mol Py-2-SH 0.013/im ol Py-2-SH
time protein 16.0 mg protein15 14.5 mg
(b) 10 min Reaction O.Oll^mol Py-2-SH 0.002^mol Py-2-SH
time protein15 16.8 mg protein15 13.6 mg
a. All reactions were carried out at room temperature in (a) 0.1 M sodium phos­
phate buffer of pH 7*55 containing 0.1 mM EDTA and 0.3 M KC1 for experiment 1 
{kVfo suspension) (b) 0.05 N sodium acetate buffer of pH 4.5 containing 0.15 H
'NaCl for experiment 2 ( 3 suspension).
b. Protein was determined from measurement. In case where Py-2-SH was pre­
sent A^yQt corr. was calculated from A^g» corr. =^273-1.25 x A ^  (33)•
c. BSA was treated with 0.9 eq. of DTE and the solution removed by passage through 
a Sephadex G-25 Column. 0.05 sodium acetate buffer, pH 4.5, containing 0.15 M 
NaCl was used throughout. The thiol content of BSA-SH was 1.0 SH/68,000.
6. BSA-SH of High Thiol Titre and BSA-S-S-2-Py
BSA-SH used in most of the foregoing experiments 
(Except Expt. 2, Table X) carried 0.4 mol thiol per mole of 
protein of molecular weight 68,000. As evidence has been 
reported that the remaining protein in such samples has the 
sulfhydryl group masked as the mixed disulfide with small 
thiols such as cysteine and glutathione attempts were made 
to convert BSA as obtained to samples of high thiol titration 
by treatment with DTE as follows (23)*
0.4 eq. 0.6 eq.
It was found that treatment with 0.6 eq. DTE increased the 
thiol titration to ca 0.8 eq./mol and that 0.9 eq. DTE was 
required to consistently yield protein samples showing 
[ greater than 0.9 eq./mol after gel filtration to remove 
small molecules. Such "activated" BSA-SH samples were added 
slowly to excess 2-Py-S-S-2-Py at pH 4.5 and then filtered 
on a Sephadex G-25 column to obtain samples characterized as 
BSA-S-S-2-Py on the basis of zero thiol titrations and 
release of Py-2-SH corresponding to 75-100# of the original 
thiol contents upon reduction with DTE. A qualitative indica­
tion of the rate of the BSA-S-S-2-Py formation reaction was 
gained by mixing the quantities all at once in a cuvette and
BSA-SH -f BSA-S-S-R +  DTE > BSA-SH +  RSH 4
‘S S'
55
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monitoring A^j^. The increase in that absorbance was complete 
in less than 20 minutes at pH 4.5» room temperature,
7. BSA-S-S-2-Fy Coupling with Bead-SH
Excess Bead-SH was incubated at room temperature 
with BSA-S-S-2-Py samples as obtained above. Suspension pH 
was maintained at 4.5 and reaction period held to 10 minutes 
based on the qualitative indications of rates in the fore­
going section. Results of three experiments are presented in 
Table XI. Examination of the coupling supernatants for the 
presence of Fy-2-SH was not useful in these experiments 
because of the dilution of those solutions. For example, A ^ ^  
of that supernatant for Expt. 1, where the largest coupling 
was observed was 0.026 (1 cm pathlength). There it may be 
seen that, despite 18, 4.3 and 5.4-fold respective excesses 
of bead thiol over protein-S-S-2-Py groups, reasonable amounts 
of protein were coupled in at least two of the three cases. 
Calculation indicates that respectively 15» 1.3 and 3*9# of 
the protein available as BSA-S-S-2-Py was detected in the 
cleavage supernatant, that these amounts corresponded to 
occupancy of 0.8, 0.3 and 0.7# of the bead-SH sites, respect­
ively, and that 59» 15 and 36 nmol of BSA per gram of dry 
beads were coupled, respectively.
56
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Table XI: BSA-S-S-2-Py Coupling with Bead-SH a
Experiment 1 Experiment 2 Experiment 3
Bead-SH 1.20//mol 0.79/mol 0.80/mol
Sample applied protein 8,1 mg of 
which ~-4v5~mg- 
(0.066//mol) was 
Pro t ein-S -S -2-Py
Protein 14.8 mg of 
which 12.5 mg 
(0.184/mol) was 
Protein-S-S-2-Py
Protein 14.5 mg of 
which 10.0 mg 
(0.147/^ mol) was 
Protein-S-S-2-Py
Coupling supernatant O.OI9/1 mol Py-2-SH 
Protein ^  6,9 mg
0//mol Py-2-SH 
Protein ^  10,4 mg
0//mol Py-2-SH 
Protein ^  12.0 mg
DTE cleavage 
supernatant
Protein^ 0.68 mg 
«
Protein^ 0.16 mg Proteinb 0.39 mg
a. All reactions were carried out at room temperature in 0.05 M sodium acetate of 
pH 4,5 containing 0.15 M NaCl for 10 min.
b. Protein was determined from measurement. In cases where Py-2-SH was present
A278» corr* was ca^ cu^ ated from A^g, corr.= A27g-1.25 x A ^  (33).
8. BSA-S-S-2-Py Reaction with BSA-SH
BSA-SH (0.1 ml, 0.027-^mol SH) and BSA-S-S-2-Py 
(1 ml, 0.027^mol -S-S-2-Py)(in 0.05 M sodium acetate buffer 
containing 0.15 M NaCl and 1 mM EDTA, pH ^.5» at room tem­
perature) were mixed immediately in a cuvette and followed 
at 3^3 nm. Py-2-SH release leveled off at about l6.5i2# 
(duplicate reactions), within 20 minutes and remained 
constant for at least 40 min. After gel filtration on Sephadex 
G-25 the samples were checked for the presence of increased 
numbers of dimers by electrophoresis on polyacrylamide in 
the presence of SDS and absence of reducing agent. In all 
cases the amount of dimer present was identical (as determined 
by electrophoresis) with that of a BSA sample subjected 
directly to G-25 filtration.
9. Cell Coupling
The sulfhydryl group content of ghosts was deter­
mined by DTNB and 2-Py-S-S-2-Py titration with and without 
SDS present. The results were 0.28 ±O.Ol^mol/mg, and 0.1^±
0.01^«mol/mg of membrane protein respectively.
A plan for blocking endogeneous membrane thiol and 
introducing thiol into the carbohydrate of glycoproteins 
using a thiol hydrazide reagent developed by Y.C. Wu in 
this laboratory is shown in Scheme XI. After the ghost sample 
was treated with iodoacetamide, the sulfhydryl group titre
58
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was lowered to 0.063^mol/mg of membrane protein* Subsequent 
treatment with thiol hydrazide raised the sulfhydryl group 
titre to 0*313^mol/mg. The latter two determinations were 
performed in the absence of SDS.
Ghost-hydrazone (4.8 mg, ghost-SH) was
incubated with bead-S-S-2-Py (3»15/Umol) for 30 min at room 
temperature, pH 7*5* Py-2-SH release in the coupling super­
natant was 33*0 nmol/0.7 S of dry beads. After extensive 
washing in the absence and then presence of SDS the bead 
sample was subjected to a DTE cleavage step. The amount of 
protein found in the supernatant was 0.29 mg which was 6,1% 
of the amount of protein in this experiment.*
* In conjunction with other.work, a sample of the DTE cleavage 
supernatant was subjected to SDS-poly-acrylamide gel electro­
phoresis by K. E. Taylor using the Laemmli system (4-7). 
Virtually the only Coomassie blue-staining material on the gel 
barely entered the separating gel and thus could be judged to 
have a molecular weight well in excess of the erythrocyte 
bands 1 and 2 (41) which have been estimated at 220,000 and 
250,000 Daltons•
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CHAPTER IV 
DISCUSSION
A. Preparation of Long-Arm Thiolated Beads
Of the steps comprising the general strategy of 
Scheme V, the alkylation reaction was investigated first as 
it was expected that the preceding acylation reaction would 
be relatively insensitive to the halogen atom present. In 
the alkylation study. Table I, displacement of bromide or 
iodide were found to be much faster than chloride even when 
the latter occurred in the presence of potassium iodide. Use 
of KI as a catalyst in alkylations on sulfur was reported by 
Schechter at al.(35)* "but their experiments were on a different 
time scale(several days) and involved alkylation of a sulfide. 
It is also clear from Table I that alkylation by iodoacetamide, 
which is a better model for the intended bead system, is much 
faster than the corresponding reaction with iodoacetic acid.
Chloroacetylation of aminoethyl beads via three 
commonly used peptide coupling reagents was surveyed, Table II, 
in each case with a 10-20-fold excess of acyl source over bead 
amino groups. With the water-soluble carbodiimide, EDAC, 
coupling yield was lower(35#) than with the reagent K or NHS- 
ester methods(60,66#)• No further effort was directed to the 
use of EDAC as reagent stability and purity as supplied were 
variable. Reagent K was not further employed due to cost, of
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the reagent, Haloacetylation via the NHS-ester showed no 
dramatic dependence on the halogen atom present.
The foregoing comments indicate that in all cases 
significant fractions of the original amino group titres 
were not acylated. In order that these not act as possible 
sites for electrostatic interactions with macromolecules, 
haloacetyl beads were routinely treated with acetic anhydride. 
This reagent when used in formamide, a solvent suggested by 
the manufacturer not to cause shrinkage of the beads, resulted 
in masking around 90# of the remaining bead amino groups.
Reaction of the three types of haloacetamido beads 
with the long arm ot,(d-dithiol. Table III, showed little 
difference in the coupling yields from the bromo- and iodo- 
derivatives where levels of 12-l^f >amol/g were achieved thus 
representing 12-15# of the sites available. Surprisingly, 
in the light of the alkylation study(Table I), the chloro- 
acetamido beads in the presence of KI coupled lesser but 
still reasonable quantities of dithiol. Nevertheless, it 
was decided not to continue use of the chloroacetamido beads.
An indication of the accessibility of bead halo­
acetamido groups was obtained by comparison of the results 
of a small molecule, dithioerythritol, with results for the 
long arm dithiol discussed above(Scheme IX and Table TV).
In three preparations varying in levels of initial activation 
the smaller dithiol reached 2-fold higher coupling yields.
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This greater accessibility of bead haloacetyl groups to small 
thiol was the result which provoked introduction of an 
additional blocking reactions beads were subjected to high 
mercaptoethanol concentration after long-arm dithiol coupling, 
in order to discharge as many unreacted haloacetyl groups as
\
possible.
The use of bromo- vs. iodo-acetamido groups in the 
bead elaboration was not made on the results shown in Tables 
III and IV where little distinction may be made. Rather, 
the iodo-derivative was chosen over the bromo solely because 
bromoacetic acid is a waxy, sticky solid which is less easily 
dispensed than iodoacetic acid.
In summary, the tactics used to best effect the 
strategy outlined in Scheme V are depicted in Scheme X and 
three preparations which were processed directly through that 
set of steps are represented in Table V. There^and in the last 
preparation of Table IV it may be noted that initial levels 
of bead aminoethylation used were lower, 30-50 s“eq/g, than 
in previous preparations, 78-18**y«eq/g. Lower levels of
activation were chosen upon the realizations* (a) that in all
\
cases less than 15% of the available bead haloacetamido 
groups were accessible to a dithiol of average molecular 
weight around 700 Daltons, and (b) calculations summarized 
in the following paragraph indicated functional group densities 
on "hard-sphere" beads which would be saturating around the
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levels shown in Table V.
In Appendix 2a, a calculation has been carried out 
based on non-porous beads of 25 x 10~^ m diameter, assuming 
74# space occupancy for close packing, and using the manu­
facturer's water regain data to estimate the number of beads 
per dry gram. There it is shown that for surface functional 
group densities of 2 and 12^/eq/g "patches'* of surface 7.2 x
0 O
7.2 A and 2.9 x 2.9 A respectively would be available per 
functional group. Two recent literature reports are relevant 
to these calculations. Jacobson and Branton(45), using the 
same type of beads estimated a bead surface area for 30yUm 
diameter beads which was about 40# lower than could be 
estimated by the above type of calculation. Whitesides and 
co-workers (**6) found saturation of polyethylene surface 
functional groups(carboxyl groups in their study) at densities
0  O
of one group per 4 A . Since this study is focused on 
introduction of bead surface functional groups for the 
purpose of attachment to globular proteins, either membrane- 
associated or free in solution, it is probable that even 
functional group densities of 2y^eq/g are excessive with the 
beads presently used. For example, the second part of Appendix 
2 shows a calculation for a spherical protein 50 A in dia­
meter which indicates that if the surface of a 25 diameter 
bead were completely hidden by protein molecules only 2,6% of 
the sites on beads of 2/.neq/g group density would be utilised, 
assuming a single covalent attachment per protein molecule.
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B. Thiol-Disulfide Interchange and Alkylation Reactions of 
Long-Arm Thiolated Beads
Use of the beads discussed in the foregoing sections 
was mainly in the mixed activated disulfide form, bead-S-S-Ar, 
where in most cases the aryl group was the 2-pyridyl group. 
Accessibility of the bead-S-S-Ar to exchange with "small" 
thiols was probed in two ways* (a) free long-arm dithiol, 
PEG-DMP, in thiol*disulfide ratios from 1.7 to 44 in all cases 
showed release of 91i 3# of the theoretical 2-thiopyridone. 
Thus, all bead-S-S-Ar are accessible; (b) mercaptoethanol in 
the presence of 20-fold excess of bead-S-S-Ar resulted in 
expulsion of 0.7 equivalents of 2-thiopyridone in minutes 
under the same conditions. Thus the interchange reaction 
itself is rapid.
As an independent probe of bead-SH reactivity and 
as a check on the spectrophotometric methods used for thiol 
determination on bead samples radiochemical titration was 
carried out using excess (l-^cj -iodoacetamide of known 
specific activity. These experiments, Table VII, showed that 
incorporation required the presence of free thiol and reached 
levels amounting to 40-437& of those determined by 2-Py-S-S-2- 
Py titration. The discrepancy in these two types of thiol 
titration may reflect accessibility differences of the two 
reagents or, more likely, a degree of non-specific adsorption 
of 2-Py-S-S-2-Py to the polyacrylamide beads. Such adsorbed
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aryl disulfide, if not subsequently washed away, would result 
in elevated Py-2-SH release during DTE back titration..
Accessibility of bead-S-S-2-Py groups was next 
probed using the soluble enzyme papain, a single chain 
globular protein of molecular weight 23,000 Daltons which 
contains a single sulfhydryl group somewhat buried in the 
active site. In experiments, Table VIII, modelled after those 
used for the agarose-based gels(26), with bead-S-S-2-Py in 
large excess(40-50-fold) over protein thiol, thiopyridone 
release corresponding to 67 and 84?S of protein thiol groups 
occurred in minutes at pH 4.5* By contrast, examination of 
the amount of protein remaining in the coupling supernatants 
indicated that the above coupling yields were overestimates 
by a factor of 1.5« Furthermore, estimation of protein in the 
DTE cleavage supernatants showed further reduction of 1.6- 
and 6-fold, respectively, in the amounts of protein actually 
isolated. It may be noted that coupling yields indicated by 
thiopyridone release, approximately 40-50 nmol/g of dry beads, 
are approaching the above-calculated saturation of the bead 
surface with globular proteins(assuming hard-sjphere geometries). 
Coupling yields based on protein present in the DTE cleavage 
supernatant were 28 and 7 nmol/g. For comparison, capacity 
of the macroporous agarose-glutathionyl-S-S-2-Py beads for 
papain was 10?£ of theoretical or 200-400 nmol/g(19). The 
discrepancies in coupling yields indicated by thiopyridone 
release vs. the actual amounts of protein isolated amount to
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2.6- and 9 .6-fold in the experiments of Table VIII. However, 
it is suggested that these are not large given the scale of 
the experiments and that additional refinement of the workup 
procedure may lead to markedly better recoveries.
Attention was next turned to another soluble 
protein, bovine serum albumin, whose size is closer to that 
of many membrane proteins. This single polypeptide of 68,000 
Daltons molecular weight contains a single sulfhydryl group 
and seventeen disulfide pairs. However, it is only available 
in a form in which ca. 60f6 of the single sulfhydryl groups 
are blocked as mixed disulfides with cysteine or glutathione. 
Polypeptides containing a complete equivalent of sulfhydryl 
per 68,000 Daltons, referred to as mercaptalbumin, have been 
isolated from partially blocked preparations via covalent 
chromatography on glutathionyl-agarose(22,23) as described 
in the INTRODUCTION. Thus initial experiments with the present 
mixed activated disulfide beads, Table IX, were patterned 
after those successful with the agarose-based system. Thio­
pyridone release up to 2-fold higher than the amount of 
mercaptalbumin in the experiment and 2-4-fold higher than the 
approximate saturation limit for bead surface coverage was 
the first indication of complicating factors. The amounts of 
protein in the cleavage supernatants, by contrast, were 20- 
to 55-fold lower than expected from thiopyridone release and 
6- to 12-fold lower than the approximate saturation limit. 
Additional experiments were carried out a pH*s 7.55 and 4.5
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but for much shorter times, Table X, in an attempt to survey 
conditions successful in the papain coupling experiment. 
Sizeable thiopyridone release was observed within 2 minutes 
which in the ensuing 8 minutes decreased 3-6-fold and this 
phenomenon was observed whether or not the BSA sample was 
pre-treated with DTE before attempted coupling (Table X,
Expt. 2 vs. Expt • 1).
When the mode of coupling was reversed, that is, 
bead-SH coupling with protein-S-S-2-Py instead of bead-S-S- 
2-Py with protein-SH as hitherto discussed, the results with 
BSA were much more encouraging (Table XI), showing amounts of 
protein in the DTE cleavage supernatant amounting to greater 
than 30 nmol of BSA per gram of dry beads in two of the cases.
The contrasting results of BSA coupling to beads 
in the two different modes could possibly reflect properties 
of BSA itself. One further experiment, that of attempting 
to couple BSA-SH with BSA-S-S-2-Py to form dimers, was 
carried out to explore this possibility. There, pyridone 
release was not accompanied by any detectable (by gel electro­
phoresis) increase in the dimer content of BSA. Norris & 
Brocklehurst (2*0 have shown that the reactivity of the BSA 
thiol group is extremely high with a second-order rate con­
stant approaching that of cysteine and some 10-fold higher 
than that of the papain active site sulfhydryl. Thus, the 
failure of the BSA-SH plus bead-S-S-2-Py coupling experiments
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might he due to the extreme accessibility of that sulfhydryl 
on the native polypeptide which allows a manifold of subse­
quent thiol-disulfide interchanges.
Bead-cell coupling based on a reaction between two 
solids was attempt via directed disulfide formation in the 
present work. The sulfhydryl group content of ghosts was 
2-fold higher in the presence than in the absence of SDS. 
Bead-cell coupling was performed in the absence of SDS, but 
under these conditions it is not clear what proportion of 
the titratable sulfhydryl groups would be accessible to bead 
reagents approaching only from the outside. For this reason 
the ghosts were first reduced and alkylated in order to mask 
a large proportion of the endogenous thiols and disulfides. 
Then, after mild periodate oxidation, thiol was introduced, 
presumably via cell surface oligosacchorides, using a hydra- 
zone-forming reagent developed in this lab. This treatment 
did not simply increase the membrane thiol content 5-fold 
but did so in a way which should leave the mercapto groups 
accessible to large reagents. Fy-2-SH release into the 
coupling supernatant was nmol per gram dry beads which 
amounts to 7 nmol per rag of membrane protein. The amount of 
protein found in the supernatant corresponded to 6.1# of the 
amount of protein in this experiment.
It is interesting to note that thiopyridone release 
during coupling also approached the saturation limit calculated
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on a hard sphere model (Appendix 2b) even though those 
calculations were carried out for packing of a soluble, 
globular protein around the bead surface. It might be 
speculated that a similar degree of cell accessibility 
reflects interaction of functional groups on complementary 
long spacer arms— the thiolated oligosacchorides on the cells 
and activated mixed disulfides on the bead poly(oxyethylene) 
spacers.
The bead-cell coupling results, although preliminary, 
are encouraging enough to warrant further evaluation of their 
use in isolation of membrane glycoproteins.
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APPENDIX 1
Quench Correction Curve Using A Set of 
*^C Quenched Standards from Nuclear Chicago
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APPENDIX 2
(a) Calculation of Functional Group Density on Bead Surface
(i) For spherical beads of 25x10“^ m diameter:
Area per bead = torr2 =* 1.96x10“^ m2 «  1.96xl0+^1 A2 
Volume per bead r* 4tfr^/3 =. 8.18x10“^  nP
1 gram of dry beads results in 3*5 ml of packed, 
wet beads (from Bio Rad water regain data for Biogel P-2) 
and of this volume 7 ^  or 2.59x10“ nr would be due to beads 
themselves, assuming close packing of spheres.
Beads per dry gram as ^ *59*10 ^ =:3.17xl08
8.18x10 ^
Total surface area per dry gram =s3«17xl08xl.96xl0"^
=36.22xl0“1 m2 
=ft6.22xl019 A2
2^/eq functional groups per dry gram correspond to
lO
1.2x10 sites per gram and if these sites are on the bead
OO
surface this corresponds to 51*8 A per site or a "patch"
o
of surface 7.2x7*2 A.
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12yMeq functional groups per dry gram would
0 o
similarly correspond to 8.63 A per site or a "patch"
o
2.9x2.9 A.
(ii) For spherical heads of 10x10“^ m diameter*
0 O
2yU&q/s corresponds to 130 A of surface per site
or a "patch" ll.kxll.k A.
(iii) For spherical heads of 2x10"^ m diameter*
922^eq/g corresponds to 6k8 A of surface per site
or a "patch" 25»kx2$,k A.
(h) Calculation of Packing of Spherical Protein Molecules on 
Surfaces of Spherical Beads
O
A spherical protein of 50 A diameter (*K)-50,000
# 2
Daltons) would have a cross-sectional area of 1964- A and 
if this area is taken as the "projection" of such a globular
protein packed around a head*
(i) For spherical heads of 25x10"^ m diameter (see (a),
(i), ahove) the maximum amount of protein per gram of dry 
heads would 53 nmol, which, for heads with ,2^req/g of surface 
functional groups, represents 2.7# utilization of head sites 
at saturation, for mono-attachment of each protein molecule.
(ii) For spherical heads of 2x10“^ m diameter with 
2^/eq/g of surface functional groups the analogous calculation 
indicates 33# utilization of head sites at saturation.
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APPENDIX 3
BSA Standard Curve Using Coomassie Brilliant 
Blue G-250 of Bradford's Method (40)
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